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studies.11 The estimates decline uniformly for several years after age 4.5, reaching a preadolescent minimum around age 9.5 in females and age 10.5 in males. The adolescent growth spurt is clearly visible in both sexes, and growth continued on average into the late teens or early twenties. In accordance with modem studies, slave girls matured more rapidly than the boys. The nutritional requirements for growth increase substantially during adolescence, and growth may be retarded at these ages depending upon the nature and extent of deprivation during adolescence and during earlier years. Thus the age at which the peak of the adolescent growth spurt is reached is a useful index of health and nutrition. Recent studies of well-nourished populations place these values in the range of 11.5 to II 12.0 years among girls and 13.0 to 14.0 years among boys.12 Point estimates for slaves obtained from the Preece-Baines model are 13.27 years for girls and 14.75 years for boys, and consequently adolescent growth among slaves was retarded by 1 to 1.5 years compared with modem standards. 13 Comparisons with populations in the past and with poor populations of the twentieth century are discussed later. Growth is ordinarily a process in which events occur in a well-defined sequence. A sequence that has implications for historical and economic questions is the fact that menarche in girls usually occurs within 1 to 1.5 years following the peak of the adolescent growth spurt.14 The point estimate of the age at peak velocity of 13.27 years for girls affirms the conclusion reached in earlier work that female slaves could have given birth by approximately age 17 on average. Tables 1 and 2 present data essential for converting the average slave heights into centiles of modern standards. On average slaves were roughly 5 to 5.5 inches below modern standards as children. The gap exceeded 6 inches during the years of the growth spurt of the standard population and then gradually declined by adulthood to 1.61 inches for males and 1.35 inches for females. The standard deviations of modern standards rise continuously with age during childhood, peak during the peak adolescent growth spurt, and then decline to 2.62 inches for adult males and 2.36 inches for adult females. Heights and other characteristics of development are most diverse during adolescence because different individuals may begin the growth spurt and other processes of maturation at substantially different chronological ages. Column 7 displays the number of standard deviations that average slave heights were below modern standards, and the last column converts this information into centiles of modern standards on the assumption that heights were normally distributed.
The stature of young slave children would trigger alarm in a modern pediatrician's office. At age 4.5 boys on average reached only centile 0.2 and girls attained only 0.5. Progress was slow for many years thereafter. Upward movement through the centiles, or catch-up growth, occurred after age 4.5, but the first centile of modern standards was not reached until age 6.5 in females and age 7.5 in males. The apparent reversal, or downward slide through the centiles, that occurred following age 11.5 in girls and age 13.5 in boys is largely attributable to the fact that the adolescent growth spurt begins 1 to 2 years earlier in the standard population. Sustained catch-up growth took place after age 13.5 in girls and about age 16.5 in boys, and by adulthood males reached centile 27.1 and females reached 28.4.
II. COMPARISONS
Slave labor operated under legal and social arrangements that differed considerably from those for free labor. In recent decades an extensive literature has emerged over how these arrangements affected slaves. This literature is inevitably comparative, and the free population and other slave regimes have been employed as backdrops against which American slavery has been compared and contrasted on issues of methods of production, work requirements, culture, material conditions of life, and demographic behavior. It is therefore natural to seek perspective on patterns of American slave growth. 16 The most noticeable feature of slave growth is the remarkable climb from below the first centile of modern height standards in early childhood to approximately the twenty-eighth centile as adults. Poor populations of developing countries provide valuable comparisons because the growth studies were carefully conducted according to modem methods and with modern equipment and because it is possible to study influences on growth and development in these populations.
The most comprehensive source of growth data for the mid-twentieth century is Phyllis Eveleth and James Tanner, Worldwide Variation in Human Growth. According to these data, young slave children fell among or below the poorest populations of developing countries. At age 3, for example, children from urban areas of Bangladesh attained centile 0.3 as males and centile 0.4 as females, and those from the slums of Lagos, Nigeria reached centile 12.1 as males and centile 6.4 as females. American slaves had an exceptionally poor start in life.17
Developing countries that had relatively small children also had relatively small teenagers and adults. In other words, it was unusual, if not unique, to achieve the catch-up growth of slaves. A regression of height relative to modern standards at older ages on height relative to modem standards at young ages gives a sense of the extent to which slaves were different. Populations that were contemporary or approximately contemporary with slaves are a second source for comparisons. Table 3 displays the centiles of modern height standards attained from childhood to maturity for a variety of American, European, and Caribbean slave populations that lived during the nineteenth and the late eighteenth centuries. This table confirms that American slaves had an unusual growth pattern. As young children American slaves were smaller than any of the populations. However, the advantages of Caribbean slaves and German peasants were slight (or nonexistent as in the case of Trinidad males ages 6.5 and beyond). Yet by age 16.5 American male slaves were taller than factory workers and laboring classes in England, the poor of Italy, students in Habsburg military schools, the middle class of Stuttgart, German peasants, and factory workers in Russia. As adults they also exceeded the aristocrats of Stuttgart, Moscow middle school pupils, and were about one-half inch below the Swedish schoolchildren, and less than one inch below the nonlaboring classes in England. At age 17.5 American female slaves exceeded Boston women of American or Irish parents, factory workers in England or Russia, and the upper class in Italy and were slightly more than one inch below the tallest group (schoolchildren in Sweden). In contrast with slaves, the centiles for free populations followed a more pronounced U-shaped pattern, ultimately attaining levels near those of childhood.19 Exceptions to the symmetric pattern, such as the nonlaboring classes in England, had catch-up growth considerably below that for American slaves. Caribbean slaves also had much less catch-up growth.20 l9 The raw data were smoothed using the Preece-Baines Model 1. Steckel, "Growth Depression and Recovery," gives the estimated heights. The results for the school studies should be viewed cautiously because sample sizes tended to diminish beyond age 15. A selective process of retention may have operated at the older ages. If wealthier families sought relatively more education for their children, for example, then catch-up growth may be exaggerated. The heights tended to increase over time, yet there was considerable variation within a time period. The differences by social class within central Europe during the late 1700s, and within England, Italy, Russia, and the United States may reflect the distribution of income or living standards within these populations. Overall the American populations generally did well whereas the slave populations of the Caribbean, factory workers in England, the lower class of Italy, and the German peasants did poorly. Research that may explain these patterns of growth and other height data in terms of causal factors such as income, disease, diet, work effort, and other phenomena is at an early stage of development. The height data will be most useful when assembled to confront specific hypotheses about differences and time profiles in living standards. 20 Point estimates of the ages at which velocity peaked were 14.3 and 12.4 years for males and females, respectively, in St. Lucia, and 15.0 and 13.5 years among males and females, respectively, Before examining the implications of the unusual growth pattern-or of any pattern of evidence that is unusual or different-it is important to ponder whether the results are credible or plausible. One approach leans on the raw data. Were the measurements and other data accurately taken and were the slaves involved in the coastwise trade generally representative of the slave population? An appendix available upon request discusses these questions and argues that it is probably safe to take the data at ages 3 and above at face value.21
Are the slave growth patterns plausible given medical evidence on the determinants of growth? Specifically, is it possible for a population that was so deprived in childhood to recover to such an extent? Although a definitive answer cannot be given, studies of human populations and experiments with animals suggest a remarkable power to recover depending upon the timing, source, duration, and intensity of the insult and especially the circumstances after the period of deprivation. Consumption of alcohol and smoking by the mother during the fetal period, for example, may permanently stunt the child's growth.22 On the other hand, studies of infants and young children and of young monkeys that endured episodes of severe malnutrition showed complete or almost complete recovery to the heights and weights of control groups.23 Because the slave experience appears to have been so unusual, however, it may not be possible to conduct the appropriate experiment. While the present state of medical knowledge may not be able to confirm Table 4 , may have claimed relatively more of those who adapted poorly to deprivation. Survivors may have been more efficient at utilizing a given amount of nutrition for growth. Steckel that it could happen, it certainly does not deny that it could not happen. The available evidence suggests that the slave growth pattern is plausible.
III. EXPLANATIONS
If the height data are credible, then why were young slave children so small? The origins of poor health can be traced to difficult periods of fetal and infant growth.24 Slave newborns probably weighed on average fewer than 5.5 pounds or 2,500 grams compared with modern standards of 3,450 grams. Conditions may have improved temporarily for those infants who survived the early neonatal period. Although direct information from instructions to overseers and other sources is scanty, breast milk was probably the most important, if not the only, source of nutrition early in infancy. Breast milk is nutritionally ideal, provides some immunity, and is clean, but this source is ordinarily insufficient for normal growth by age 4 to 6 months. However, the number of pounds of cotton picked per day attained normal levels within 3 months after delivery, which suggests that supplementation began earlier. The transition away from breast milk and toward solid foods and manual feeding must have been a difficult adjustment accompanied by elevated rates of illness and mortality. Manual feeding introduced unsanitary implements and contaminated food or liquid, and the diet emphasized starchy products such as pap and gruel. This diet lacked sufficient protein and was probably deficient in iron and calcium. It is not surprising that the postneonatal infant mortality rate was as high as 162 per thousand in a sample of plantation records.25 Moreover, the average rate of loss was nearly 50 percent higher in months 1 through 4 compared with months 5 through 8, which agrees with other evidence that breastfeeding may have been attenuated in early infancy.
Why was catch-up growth so slow from early childhood to early adolescence? Earlier I noted that heights are a measure of net nutrition: that is, actual diet minus claims on the diet made by illness, physical effort, and maintenance. Although the incidence of illness is difficult to measure, the mortality data in Table 4 suggest that sickness decreased during childhood. Slave mortality rates declined sharply after age 5, and fell below 10 per thousand after age 6 (based on data for individual years of age). The excess mortality of slaves compared with the entire U.S. population was concentrated before age 5, and the excess infant mortality was nearly as large as the infant mortality rate for the U.S. population.26 It is also unlikely that work effort made an important claim on the diet before late childhood. Interviews of ex-slaves suggest that the transition to the adult labor force was gradual and may have begun in some instances as early as age 6 or 7.27 However, slave children did not produce enough, on average to more than cover their maintenance costs until about age 10.28 If the judgments about the decline in sickness and lack of work effort are correct, the conclusion that the diet remained poor is inescapable.
There is independent evidence, however, that the childhood diet was poor. Slaveowners frequently discussed the care and feeding of slaves among themselves and within southern agricultural journals. It is clear that deliberations focused on working slaves. One planter stated that "a negro deprived of a meat diet is not able to endure the labor that those can perform who are liberally supplied with it."29 Others usually stated allowances of meat, corn, and other foods in terms of working or laboring hands.30 If children were mentioned at all, they usually received "proportionally less." Proportional to what? The emphasis in these recommendations on the labor force suggests that "proportional 26 Table 4 approximates the desired comparisons of slaves and whites. The excess mortality is understated by use of data for the entire United States; however, slaves comprised only 12.6 percent of the population in 1860. On the other hand, the slave mortality rates beyond the neonatal period (the first month after birth) are drawn from the records of large plantations and losses tended to increase with plantation size. Steckel, "A Dreadful Childhood," discusses the causes of excess mortality at young ages. Steckel to work effort" was the operative assumption. In addition, the allocations were frequently made to families and the vagueness or lack of specifics about nonworkers conveys no information about actual consumption by children. Meat was scarce-a half a pound of pork per day was a typical recommended ration for a worker-and was probably regarded as a luxury. Parents and other workers in the family may have claimed meat and other nutritional foods at the expense of children. This behavior has occurred repeatedly during hard times within developing countries. Children suffered during a mild subsistence crisis in Sweden at the middle of the nineteenth century.31 The emphasis by owners on the labor force could have given legitimacy to reallocation within the family, especially during hard times.
The descriptive literature contains evidence of malnutrition among children. Slaveowners discussed the shiny bodies and plump bellies of their young slaves and some travelers interpreted the glistening ribs of pudgy youngsters as signs of good health. These are signs of malnutrition, especially a protein deficiency.32
Slave mortality rates changed little after age 7. If the mortality rates are accepted as an index of illness, then variations in the incidence of disease by age had little influence on the course of net nutrition during the remaining years of growth. What was the interplay of diet and physical exertion on growth during these years? Tables 1 and 2 make clear that most of the absolute difference between slave heights and modern standards was made up during the late adolescent and postadolescent period.33 Although the upward climb through the centiles is dramatic at these ages, the foundations of this achievement should be sought in earlier years.
Comparisons with the Bundi people of New Guinea, shown in Table   31 Comparisons of centiles at ages 15, 16, and 17 indicate that girls recovered more rapidly and to a greater extent than boys. Although girls tend to be more resistant to deprivation, it is also possible that tasks were lighter and that work affiliated with domestic activities, such as food preparation, provided a better diet for girls. 5, are instructive. The Bundi have a poor disease environment, suffer from severe protein-calorie malnutrition throughout their growing years, and have the slowest rate of growth of any population studied by auxologists.34 At ages 4 and 5 the Bundi heights are comparable to slaves, but by ages 7 and 8 the differences are noticeable and by age 10 the difference is substantial. The relative improvement for slaves occurred at ages when slaves entered the labor force. Other things being equal, net nutrition should have deteriorated for slaves at this time. The point is that other things were not equal; there must have been an improvement in the diet sufficient to offset the additional requirements of physical activity and to allow a small amount of catch-up growth. The emphasis by slaveowners on meat for workers is consistent with this pattern. The modest decline through the centiles that occurred for slaves after age 13.5 in males and after age 11.5 in females does not signify a decline in net nutrition. Heights accelerated at these ages in the standard population due to an earlier growth spurt. Indeed, the facts that the ages of the peaks of the adolescent growth spurts were only about 1 to 1.5 years behind the standard population and that the peak velocities were Steckel nearly as high among slaves are strong evidence of a good diet that continued during adolescence. In contrast, poor nutrition for the Bundi continued through adolescence, their growth spurts were 1 to 2 years later than slaves', and their peak velocities were only about 80 percent as large.
Although the rapid rise through the centiles after adolescence and the emphasis on protein for laborers suggest that the diet remained good during these years, it is also possible that improvement occurred in part through learning to be more efficient at field work. Slaves in their early teens who were expected to keep up with adults faced two disadvantages: one was energy requirements for growth and the other was inexperience. If slaves gradually accumulated skills that reduced energy requirements for a particular task, then more energy from a given diet would have been available for growth.
IV. RATES OF RETURN
Slaveowners expressed and debated convictions on desirable feeding practices. One of these convictions-or at least a widespread practiceexcluded meat from childrens' diets. How was this decision reached?
Even though slaveowners lacked the rudiments of scientific understanding of nutrition and health, knowledge about desirable feeding practices could have accumulated through a long process of trial, error, observation, and adjustment. By the late antebellum period planters had considerable experience with the institution of slavery. Is it possible that slaveowners had discovered through trial and error that feeding meat to children was unprofitable? The fact that the growth profile of slaves was so different from those of free populations enhances the prospects for this line of reasoning. Moreover, planters had considerable experience with the feeding of slaves and livestock and had reasons to suspect a connection between diet and growth."5 Feeding meat to slave children can be considered as an investment. The net income was negative during the early years of the investment period because meat was costly and children did not work. However, children fed nutritionally adequate amounts of meat emerged taller and stronger once they entered the labor force. What was the rate of return on this type of investment? Some assumptions, which are appraised in footnote 41, are necessary to make the problem tractable. The growth profile was the outcome of an investment strategy that excluded meat from the diet before age 10, at which time children entered the labor 1s It is possible that slaveowners merely followed dietary practices for children that resembled those in Africa. However, substantial amounts of meat for workers signals a departure from African customs. According to one planter, "a boy or girl ten years old or over, who is healthy and growing rapidly, will eat quite as much as a full grown man or woman." (Breeden, Advice Among Masters, pp. 97-98).
force and received one-half pound of pork per day. It is assumed that this ration was sufficient to maintain modern height standards. In other words, the growth spurt was delayed, and slaves failed to achieve modern standards as adolescents and adults because they were underfed as children. An alternative strategy, the one for which the rate of return is sought, was to feed children adequate amounts of meat beginning at age 1. Suppose the second strategy would have produced workers who first entered the work force and who attained modern height standards at exactly age 10 and maintained them thereafter. The amounts of meat necessary to achieve this are a function of the protein deficits of children. The actual deficits are unknown, but height data, dietary studies for developing countries, and animal experiments suggest that a 50 percent deficit is a reasonable first approximation.36 Based on the protein content of pork and the price of pork during the late antebellum period, annual outlays per child sufficient to cover the deficit would have ranged from about $3.80 at age 1 to $5.90 at age 9.37 Data assembled by the Union Army on contraband and runaway slaves during the Civil War show that the value of slaves-and presumably their net earnings-increased by 1.375 percent (relative to the mean) per inch of height.38 Table 2 gives the increment from actual height to modern standards, and net earnings estimates by age are available from Fogel and Engerman.39 For the purpose of these calculations the investment period ended when final adult height was reached; the present value of the additional net earnings at and beyond this age was estimated from the higher price implied by the increase in 36 Although protein and calorie shortfalls often occur together, at least in developing countries, the investment problem is cast in terms of a protein deficiency because owners recommended that little meat be fed to children, protein was relatively expensive, and because growth in height is "the best anthropometric indicator of discrimination among different levels Table 4 . These sources and methods produce a negative rate of return amounting to -1.7 percent (average for males and females). In other words, the present value of expected outlays exceeded the present value of expected returns. Therefore, it was profitable to exclude meat from the diet of slave children./1
V. IMPLICATIONS FOR RESEARCH
The findings of this paper have implications for research on the postbellum, southern economy. Work in this area has generally recognized the effects of slavery on factors such as literacy and occupations and has incorporated economic, social, political, and educational discrimination after the war, but the poor nutrition of slaves as children may also have been relevant.42 Recent studies establish that moderate but chronic nutritional deprivation during early childhood temporarily retards the acquisition of motor skills and permanently stunts mental development.43 The nutritional legacy of slavery may have impeded black economic progress after the war.44 40 The calculations assume that adult height was reached at age 22. 41 This conclusion is reasonably robust to the assumptions and methods. If the protein deficit was 30 percent, the rate of return would have been 2.5 percent. The improved diet would have reduced the incidence of illness and mortality during childhood; however, a reduction of 50 percent in the mortality rates increases the rate of return relatively little-from -1.7 percent to -1.1 percent. As a result of improved feeding, slaves may have entered the work force earlier, yet the rate of return is -0.3 percent if children began work at age 9 and is 1.2 percent if they began work at age 8. If the protein deficit was 30 percent, mortality rates were reduced by 50 percent, and children began work at age 9, the rate of return is 4.5 percent. In contrast, the average rate of return on the market price of a slave was about 10 percent (Fogel and Engerman, Time on the Cross, p. 70). The estimated rates of return are about 2 percentage points higher for males compared with females.
In view of the poor disease environment, slaves may not have been able to achieve modern height standards despite the improved feeding. The nature and determinants of the slave personality have been widely debated in the literature on slavery. One view portrays the typical plantation bondsman as Sambo, who was "docile," "humble," and "childlike.' '-45 The extent and form of slave resistance to bondage have also been debated.46 This literature generally ignores the possible role of nutrition on behavior, possibly because perceptions of the typical diet were reasonably favorable. Yet there is considerable evidence that nutrition influences personality development. Moderately malnourished children are apathetic, emotionally withdrawn, less aggressive, and more dependent.47 The finding that children were poorly nourished should be integrated into research on the slave personality.
Investments in good nutrition for slave children would have had low rates of return, yet free populations tended to invest relatively more in the growth of young children. Why is this so? One possible explanation hinges on the crucial nature of nutrition in early childhood to cognitive skills; planters may have valued only the physical development of raw labor whereas free populations also valued (or valued relatively more) mental development because it promoted success in a competitive market environment. Another is altruism. It is possible that slaveowners cared relatively little for slave children, whereas free parents were willing to transfer resources toward young children.48
Whatever the reasons for the relatively poor health of slave children, the height data imply that certain conceptions of slave childhood should control for other effects that slavery may have had on economic performance, the cohorts compared should be those born just before and just after slavery ended (this assumes that childhood nutrition improved after slavery).
A glance at the evidence on wealth accumulation tends to support, or at least does not contradict, the hypothesis. The rates of increase in black wealth were larger during the late 1800s and early 
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Steckel be redrawn. Eugene Genovese, for example, portrays these ages as "protected years" that provided a "foundation of physical health," and that it was a "time to grow physically" and to "parry the most brutal features of [their] bondage."49 Instead, poor nutrition restricted exploration and play and retarded growth. Actually children may have sought to escape childhood and to join the labor force because of the nutritional rewards.
If slaveowners used food to promote the work ethic, it may have been done partly at the expense of the slave family, at least as it influenced interaction between children and working-age slaves. Slave workers generally had breakfast and lunch in the fields, and may well have eaten after the children during the evening. Discussions by slaveowners suggest that children were often fed separately.50 Working adults may have had relatively little time to spend with young children on a regular basis. Under these conditions grandparents or other older slaves may have played the most important role in socializing young slave children. After emancipation parents in nuclear families may have been poorly equipped, through lack of experience, to train young children.
It is doubtful that populations of the past could have been much, if any, worse off than slaves as young children. Yet Table 3 shows that many populations of the past emerged smaller than slaves as adults. Although different environmental insults early in life that had lasting effects could have been involved, it seems likely that adult heights were substantially influenced by conditions during and after adolescence. This finding helps to resolve some of the identification problems that surround the interpretation of fluctuations or differences in adult heights that are now emerging from this proliferating area of study.51 VI. CONCLUSIONS American slaves began early childhood at levels of net nutrition that approximated those of the slowest growing population ever studied by auxologists. Yet catch-up growth that was gradual during later childhood and rapid during late and post-adolescence eventually brought slaves to approximately the twenty-eighth centile of modem height standards. This remarkable pattern of growth, related information on mortality rates, and dietary recommendations of owners establish that slaves were poorly fed as children but extraordinarily well fed as workers. The departure from adult standards was small compared with 49 the recovery, which suggests that African adaptations played at most a supporting role in slave health. Much of the debate over slave health and nutrition has gone forward in the context of the "typical" slave. By treating many individuals as a single entity, disappearance methods are incapable of identifying food allocations within the unit. The fact that young children were poorly nourished compared with working adults demonstrates the limitations of the method. Attempts to discover and explain the diversity of health among slaves have focused on the roles of main crop, plantation size, region, and time period. My results suggest that the greatest systematic variation in slave health occurred by age.
